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On a possible relationship between the structural peculiarities of 

normal and teratological fruits of Passiflora gracilis and some 

physico-chemical properties of their expressed juices 

Ross Aiken Gortner and J. Arthur Harris 

We present here an account of first studies on the physical 
properties of the juice expressed from normal and teratological 

plant organs. 

Materials 

The plants furnishing the fruits used were vigorous and normal 
in growth but were transplanted from the greenhouse to the field 
too late to attain the largest size or to produce the maximum 
number of mature fruits before the oncoming of cold weather. 
We were, therefore, somewhat limited in amount of material, but 
altogether 10,929 fruits were dissected in obtaining abnormals 
and normals for checks. Not many more could have been worked 
over with the facilities available. 

The fruits for which adequate samples could be secured fell 
into the following classes:* 

(a) Normal fruits. Six external sutures, three placentae, no 
prolification. A sample of such fruits, collected as described 
below, served as a check for each of the samples of abnormals. 

(b) Seven external sutures, three placentae, no prolification; 
2 samples, 1, 2. 

(c) Eight external sutures, three placentae, no prolification; 
1 sample, 3. 

(d) Eight external sutures, four placentae, no prolification; 
9 samples, 4-12. 

(e) Six external sutures, three placentae, slight and generally 
abortive prolification of three external carpels; 1 sample, 13. 



* For a general account of prolification in Passiflora see a paper by J. A. Harris, 
Prolification of the Fruit in Capsicum and Passiflora. Ann. Rep. Missouri Bot. 
Gard. 17: 133-145. 1906. 
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(/) Six external sutures, three placentae, slight and generally 
abortive prolification of four external carpels; 4 samples, 14-17. 

(g) Eight external sutures, four placentae, slight and generally 
abortive prolification of three external carpels; 1 sample, 18. 

(h) Eight external sutures, four placentae, slight and generally 
abortive prolification of four external carpels; 2 samples, 19, 20. 

(i) Six external sutures, three placentae, large living prolifica- 
tion of four external carpels; 2 samples, 21, 22. 

0') Eight external sutures, four placentae, large living pro- 
lification of four external carpels; 1 sample, 23. 

Methods 

The rarity of the abnormal fruits is a source of great difficulty 
in the collection of the samples. As the fruits were dissected, 
each abnormal was placed in a dish provided with a ground glass 
cover and containing bibulous paper saturated with water in 
order to prevent, as far as possible, any drying out of the fruits. 
A normal to serve as a check was at once opened and placed in a 
similar receptacle. These two were kept side by side until it 
was necessary or convenient to combine abnormalities belonging 
to the same type and their check fruits in a pair of larger moist 
chambers. As soon as a sample of any type conveniently large 
for the extraction of juice was secured, the collection of another 
general sample and check was begun. 

Thus, while the different samples of abnormals came from 
various plants and were necessarily held for varying lengths of 
time, the fruits of each sample and of the check with which it was 
compared were drawn in equal numbers, and at the same time, from 
the same individual plants and received parallel treatment in every 
detail. 

The juice was secured by means of a large "beef-juice" press. 
It was filtered clear through a dry barium filter (S. & S. No. 589), 
and the depression of the freezing point (A) determined in the 
well-known Beckmann apparatus. The specific gravity of the sap 
at 20 C. was found by weighing in a pycnometer holding 5.2405 
grams of water at 20 C. The concentration of dissolved sub- 
stances was determined by evaporating a measured volume (10- 
15 c.c.) to dryness in glass weighing bottles, first in a water oven 
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at the temperature of boiling water and then completing the 
desiccation by heating to 105° C. for several hours.* 

Depression of the freezing point, A, specific gravity, d(20°/20°), 
and total solids in 100 c.c. of juice, s, are the only direct deter- 
minations entered in the table. From these, osmotic pressure in 
atmospheres, P, and the average molecular weight of the sub- 
stances dissolved in the plant sap, M, have been calculated by the 
formulae 

P — 12.060A — 0.02 1 A 2 



M = 1890 

100 — 




* It may not be amiss to consider the accuracy of our numerical data. Inas- 
much as we were not concerned with the absolute depression of the freezing point, 
but only with the sign and amount of variation between normal and abnormal 
juices, we have not taken all of the precautions which would be necessary were the 
absolute values desired. We have found that the degree of pressing the fruits has 
no influence on the relative values, providing that the normal is treated in the same 
manner as the abnormal. For example: a sample was pressed lightly and the freezing 
point of the expressed juice determined; then the residue was pressed so that a 
considerable amount of juice was again obtained, and this juice was added to that 
from the first pressing. The absolute values are much different but the relative value 
remains approximately the same. 



Abnormal 



Light pressing ; A = 0.677° C. A = 0.603° C. 

Heavy pressing ... J A = 0.705° C. j A = 0.628° C. 



+ 0.074° C. 
+ 0.077° C. 



A constant relative value is also obtained when large samples are divided into 
two portions and the juice expressed from the second portion after an interval of 
four days, showing that holding the fruits for several days does not affect the relative 
values. The absolute and relative values of a pair of samples treated in this manner 
follow : 





Abnormal 


1 Normal 


Difference 




First value 

Four days later .... 


A = 0.587° C. 
A = 0.677 C. 


1 A = 0.618° C. 
A = 0.713° C. 


- 0.031° C. 

- 0.036 C. 





We have not corrected the depression of the freezing point for the amount of 
supercooling before freezing, for the same reason. That is, we are concerned only 
with a relative value. We have had occasion in several instances to repeat a deter- 
mination, sometimes as much as twenty-four hours later, on the same sample of 
juice, and in only one instance did the repetition vary from the original determination 
by as much as 0.010° and in no instance was the sign of the difference between a sample 
and its check changed. 
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The arguments in this paper are in all cases based upon the 
comparison of the samples of abnormal fruits with their checks. 
The differences averaged and discussed in the text are in all cases 
taken as abnormal less control, the sign of the difference being 
positive when there is a greater depression of freezing point, 
higher osmotic pressure, or higher average molecular weight, in 
the abnormal fruits. 



Analysis of data 

The large table gives the essential constants for the various 
lots of fruits. The section to the left contains the data for the 
samples of abnormal fruits, that to the right those for the checks. 

Consider first the properties of the juice in fruits differing only 
in the structure of the wall. 

Series (b) and (c) may be regarded as transitions between the 
trimerous and tetramerous fruits. 

In two cases A is higher and in one lower than in the control 
samples. The negative difference is only — 0.012 and is but 
twice or thrice the estimated experimental error. The mean 
difference in depression of the freezing point is + 0.035 . The 
differences in pressure in atmospheres, P, have the same sign as 
the differences in depression. In one the difference is ■ — 0.144, 
in the other two it takes the more substantial values of + 0.638 
and + 1. 143; the mean of the three is + 0.546. The average 
molecular weight is in all three cases lower in the abnormal fruits, 
- — 7.41, — 4.46 and — 9.02 being the values. 

The tetramerous fruits (eight external sutures, four placentae, 
no prolification), class (d), are represented by nine samples, divided 
as follows: 



Positive differences ; Negative differences 



Mean value of 
differences 



A. 
M 
P. 



+ 0.002° C. 

— 2.81 
+ 0.024 



Combining (b), (c) and (d), we have, with headings as above, 



A 


8 

2 
8 


4 
10 

4 


+ o.oio C. 


M 


-3-85 
+ 0.154 


P 
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Or disregarding the presence of prolification and adding to 
these the other fruits which are abnormal (tetramerous as con- 
trasted with trimerous) in the organization of their ovary wall 
(i. e. classes (g), (h), and (j)), we get 



A*. 
M. 
P. . 



10 
3 

10 



6 

12 

5 



+ 0.008 C. 
— 4.21 
+ 0.151 



Apparently, therefore, those fruits which are tetramerous or 
which show transitions between the trimerous and tetramerous 
condition, show a greater depression of the freezing point (and 
consequently a higher osmotic pressure) of their juice and a lower 
average molecular weightf than the trimerous ones. But the 
differences are so very slight, and the difficulties and sources of 
possible error are so many, that further studies will be required 
to put this conclusion on a sound basis. 

Turn now from the classification of the fruits according to 
the characteristics of the ovary wall to a consideration of the 
question of prolification. Here classes (b), (c), (d) may be left 
entirely out of account. 

First dividing the fruits that have prolifications into the 
classes, trimerous and tetramerous, with respect to the char- 
acteristics of the ovary wall, without regard to the size or the 
structure of the included body, we have the following: 

For trimerous fruits (classes (e), (/) and (i)), 





Positive differences | Negative differences 


Mean value of 
differences 


At 


5 
4 
5 


2 
2 


-f- 0.016 C. 
+ 3-21 
+ 0.417 


M 


P 







For tetramerous fruits (classes (g), (h) and (j)), 



* Depression of freezing point is available in one series in which the sample was 
lost before the total solids had been determined. Hence M and P are omitted. 

t The average molecular weight does not necessarily take the same direction as 
the difference of the freezing points would indicate, inasmuch as colloids do not 
affect A but do influence the amount of total solids and through this the average 
molecular weight. 

t The depression of the freezing point is available for one case for which M ind P 
were not calculated, for the reason noted above. 
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A*. . . 


2 
I 
2 


2 

2 

I 


+ 0.002° C. 


M 


- 5-66 


P 


+ 0.141 







On combining trimerous and tetramerous (as above) without 
regard to the character of the proliferous body we have: 



At. 
M. 
P. . 



+ 0.011 C. 
+ 0.25 
+ 0.325 



Apparently the proliferous fruits tend to show a greater de- 
pression of the freezing point and a higher osmotic pressure in 
their expressed juices than the normal checks with which they 
were compared. This is true for trimerous and tetramerous 
fruits alone and for the two classes taken together. Considering 
the fruits merely as normal and abnormal, we note that these 
results are in good agreement with those for fruits abnormal only 
in respect to the structure of the wall. For the trimerous fruits 
the results for M are, however, not in accord with those for fruits 
abnormal with respect to the wall only, M being higher in the 
abnormals than in the controls. For the tetramerous fruits the 
average molecular weight is again lower than in the controls. 
Taking both trimerous and tetramerous fruits (with prolifications) 
together, we find practically no difference between the average 
molecular weight of the fruits containing supernumerary carpels 
and that of their controls. 

Let us now simply classify the fruits as normal and abnormal 
and compare the 23 samples abnormal in some character with 
their controls, which are normal in all regards. We have: 



Positive difference Negative difference Mean value of differences 


A 

M 

P 


15 8 | + 0.0107° C. 

7 14 — 2.091 
15 ! 6 1 + 0.2275 


These results emphasize the conclusions drawn from the 
individual classes of fruits. 



* Available for one case where M and P were not calculated, 
t Available for two cases where M and P were not calculated. 
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Discussion and conclusions 

From the determination of the depression of the freezing 
point, the specific gravity, and the total solids in the expressed 
juice of 23 samples of abnormal fruits of Passiflora gracilis and 
a like number of controls, we are led to the following conclusions : 

Our experiments indicate that the juice of abnormal fruits 
has a higher osmotic pressure (greater depression of the freezing 
point) than that of normals. This is true whether the abnormality 
be a meristic variation in the fruit wall — i. e. an increase in the 
number of external sutures or of the number of placentae over the 
normal condition — or the production of an entirely new structure 
in the form of an included whorl or whorls of accessory carpels 
springing from the floor of the fruit (prolification of the fruit).* 

The average molecular weight of the substances in solution 
in the plant sap is, apparently, lower in the abnormal fruits, but 
this is less consistently true for the various classes of structural 
aberrations recognized. 

While the findings are fairly consistent throughout, it must be 
remembered that the problem is surrounded with many difficulties. 
We have no desire to be dogmatic concerning these conclusions, 
realizing that a wider series of material than we could possibly 
obtain is desirable, f and that many questions remain to be in- 
vestigated. I Furthermore, it is clear that the whole problem of 
the nature of the relationship between the structure of the fruits 
and the properties of the juice remains to be worked out. We only 
claim to have demonstrated that the physico-chemical properties 
of the plant sap deserve consideration as a first step in the 
analysis of the factors involved in morphological variations of the 
fruit. 

Station for Experimental Evolution, 

Carnegie Institution of Washington. 



* In a forthcoming memoir on the morphology of normal and teratological fruits 
of Passiflora gracilis one of us will show that the occurrence cf prolification is to 
some degree correlated with abnormalities of the ovary wall. 

t We hope another year to obtain a strain of plants showing a higher percentage 
of abnormalities or at least to obtain far larger series of dissections. 

t In particular it will be of great interest to work out in detail the relationship 
between the properties of the juice of the ovary wall and that of the contained 
carpels in the case of fruits showing prolifications. Some beginning has been made 
on this problem, but as yet our data are too few to justify the discussion of this and 
several other points. 



